and hormonal deficiency could produce various pathological condition. In childhood growth retardation is the main target, and sexual retardation follows in adolescence. After 20 years there were undetermined symptoms, including generalized malaise, appetite loss, infertility and others. We have felt the appearance of hyponatremia may become a feature in elderly patients with hypopituitarism [1, 3, 15, 16] .
In the present study we thus determined whether hyponatremia is the initial characteristics for diagnosing hypopituitarism in elderly subjects. In addition, we compared the presence of hyponatremia in elderly hypopituitarism with that in hypopituitarism from general population in Japan.
Subjects and Methods
Subjects: Thirty-one elderly patients with hypopituitarism were enrolled between 1995 and 2011 in the present study. All the patients were greater than 62 years old, and they were 19 males and 12 females with the ages of 70.7±5.4 years (mean±SD) ranging from 62 to 80 years.
They were admitted to the Endocrine and Metabolic Ward

Measurements
Blood samples were collected in chilled tubes containing EDTA-Na 2 (1mg/mL blood) and centrifuged at 3000 rpm at 4°C for 15 min. The supernatants were decanted and frozen at -80°C until assayed. Plasma AVP was measured by RIA using AVP RIA kits (Mitsubishi Medical Sciences, Tokyo, Japan). Plasma ACTH, plasma renin activity, serum GH, LH, FSH, TSH and cortisol were measured by RIA or enzymatic immunoassay (EIA). All the RIA and EIA were performed in Special Reference Laboratories (SRL; Tokyo, Japan), using commercially available kits. Plasma osmolality (Posm) and urinary osmolality (Uosm) were measured by freezing-point depression (Model 3W2, Advanced Instruments, Needham Heights, MA). The normal values of the parameters measured are : plasma AVP, 0.2-2.0 pg/mL; PRA, 0.3-2.9 ng/mL/hr; plasma ACTH, 7.2-63.3 pg/mL, serum LH, male 0.79-5.72 mIU/mL, female 5.72-64.31 mIU/mL; serum FSH, male 2.0-8.30 mIU/ mL, female <157.79 mIU/mL; serum TSH, 0.5-5.0 μU/ mL; serum prolactin, male 3.58-12.78 ng/mL, female 6.12-30.54 ng/mL; and serum cortisol, 4.0-18.3 μg/dL.
Statistical analysis
All values are expressed as means±SEM. The data were analyzed by Student's t test. Categorical data were analyzed by chi-square test. A P value less than 0.05 was considered significant.
Results
We demonstrated clinical manifestations in the elderly patients with hypopituitarism (Table 1) . 25 of 31 patients (80.6%) with hypopituitarism manifested hyponatremia. 14 patients (45.2%) had anemia and 9 patients (29.0%) had hypoglycemia. We also found high prevalence of infectious diseases when hypopituitarism was diagnosed in the elderly patients. Moderate percentages of diabetes mellitus, hypertension, dyslipidemia, and laboratory derangement of liver and kidney function could be dependent upon aging in our elderly patients. Table 2 shows varying hormonal levels in the patients with hypopituitarism having hyponatremia or not. The hyponatremia group showed significantly low levels of serum Na accompanying with hypoosmolality compared with those in the normonatremia group. Plasma AVP levels were apparently high in the hyponatremia group as compared to the normonatremia group, despite of Jichi Medical University Saitama Medical Center for various reasons closely related to hypopituitarism. After admission there were several symptoms, including appetite loss (58%), disturbance of consciousness (35%), generalized malaise (26%), muscular weakness (13%), nausea and vomiting (6%), and weight loss (6%), but not convulsions. Hyponatremia of less than 135 mmol/L was initially found in 25 patients, and this was somewhat related to the reason for their admission. Basal levels of pituitary hormones and challenge tests for all pituitary hormones were performed, and the diagnosis of hypopituitarism was definitely ascertained. The numbers of patients having pituitary hormones deficiency were as follows: ACTH, 30 patients; LH and FSH, 19 patients; TSH, 11 patients; GH, 17 patients; and prolactin, 4 patients ( Fig.1) . The causes of hypopituitarism in the thirty-one patients were: 18 had not been determined any cause, 4 had hypopituitarism due to pituitary tumors, 2 had hypopituitarism after the surgery, 3 had hypopituitarism due to the brain tumor, 1 had hypopituitarism due to the related postpartum hemorrhage, 3 had hypopituitarism related to other causes. The hyponatremic patients were divided into two groups, that came from the clinical manifestation of hypopituitarism. One group (n=10) had overted symptoms after acute stress condition, including infectious diseases, psychological stress and so on. The other group (n=15) had persisted symptoms for more than a few months before the present admission.
After completing the diagnosis of hypopituitarism, hormonal repalcement therapy was started in the patients by administering hydrocortisone and /or thyroxine, and in part, growth hormone. The study was approved by the ethical committee of Jichi Medical University for human studies. We obtained informed concent from all the subjects. of reduced plasma osmolality, but it did not become significant. There were no differences in plasma renin activity, plasma aldosterone, plasma ACTH and serum cortisol between the two groups of patients. We analyzed percent change in circulatory blood volume in the hyponatremic patients with hypopituitarism. For this purpose, as noted earlier we divided the patients into two groups, namely, acute deterioration of hyponatremia and persistent hyponatremia group. Serum Na levels were 123.8±8.6 and 127.3±5.5 mmol/L in the group of acute deterioration of hyponatremia (n=10), and that of persistent hyponatremia (n=15), respectively. Table 3 further shows varying hormonal levels in two groups of the hyponatremic patients with acute deterioration of hyponatremia and persistent hyponatremia. There was no difference in plasma ACTH, aldosterone, renin activity and serum cortisol between the two groups. Fig. 2 shows the distribution of percent change in circulatory blood volume in the elderly patients with hypopituitarism at the admission. However, the dysfunction of pituitary-adrenal axis was also highly obtained, and was not different between the elderly patients in the present study and those of 929 patients in Japan. We previously demonstrated that occurrence of hyponatremia is significantly greater in the elderly patients with secondary adrenal insufficiency than those in the young and middle-aged ones [2] . In addition, the magnitude of hyponatremia was inversely correlated with the ages diagnosed as secondary adrenal insufficiency [2] . Therefore, hyponatremia could be closely associated with pituitary-adrenal impairment, but there are additional factors determining hyponatremia in the elderly patients with hypopituitarism.
In the elderly hyponatremic patients with hypopituitarism, plasma AVP levels were apparently high as compared to those in the normonatremic ones despite of hypoosmolality. The finding is in concert with the previous studies including ours in secondary adrenal insufficiency [1, 2, 14, 15, 19] . In experimental Percent change in circulatory blood volume was calculated from the change in hematocrit as zero at the discharge [17] . Percent change in circulatory blood volume=(Ht 2-Ht 1)/Ht 2 × 100(%). The distribution pattern is different between the two groups. In the group of acute deterioration of hyponatremia percent changes in circulatory blood volume become positive in three-fourths of the patients, and were negative in only two patients. In contrast, in the group of persistent hyponatremia most of the patients had reduced percent changes in circulatory blood volume at the admission, except for two patients. Unfortunately, the difference between the groups was not statistically evident by chi-square test (P=0.12).
Discussion
There was extremely high prevalence of hyponatremia in the elderly patients with hypopituitarism. Its prevalence reached to 80.6% of the patients. By contrary, it was only 1.1% in patients with hypopituitarism containing all ages collected by the Research Committee of the Ministry of Health, Labor and Welfare of Japan in 1996 [18] . That study included 929 patients with hypopituitarism, and they were 419 males and 510 females with the ages ranging from 4 to 88 years. This is the most valuable finding in the present study. Similar studies were reported in the literature. Foppiani et al. could be suggested to increase in the acute deterioration of hyponatremia group. As this situation occurred before the hospitalization, we may implicate the involvement of impaired water excretion dependently upon AVP. Thus, this hyponatremia may belong to dilutional hyponatremia. On the other hand, there seemed to be reduction in percent changes in circulatory blood volume in the group of persistent hyponatremia. We may suggest that circulatory blood volume gradually reduces during the prolonged duration of hyponatremia, a finding inconsistent with increased plasma AVP levels. As shown in Table 3 there was not any difference in plasma ACTH, aldosterone, renin activity and serum cortisol between the two groups. Further studies will be necessary to elucidate the mechanism in the group of persistent hyponatremia.
As compared to the analysis by Reseach Committee of the Ministry of Health, Labor and Welfare, anemia was highly frequent in the elderly patients with hypopituitarism(45.2 vs. 1.1 %). In previous reports it is known that decreased hemoglobin level was found in hypopituitarism [16] . It was related to hypocortisolism and hypothyroidism. The mechanisms for decreasing hemoglobin is not determined yet, but it was evident that replacement therapy with hydrocortisone and thyroxine increased hemoglobin level. Therefore, normally controlled endocrine function could be necessary for regulating hematopoiesis in bone marrow. Other factor is aging, because the ages of the present patients were all above 62 years.
In conclusion, hyponatremia was highly found in elderly patients with hypopituitarism, followed by hypoglycemia and anemia. This frequency was totally different from hypopituitarism among general population. Among the hormonal deficiency, ACTH deficiency is profoundly related to hyponatremia. Namely, reduction in serum cortisol augmented AVP release, resulting in impaired water excretion and dilutional hyponatremia. The present study indicates that hyponatremia is the valuable finding for initiating diagnosis of hypopituitarism in elderly subjects. models of glucocorticoid deficiency, non-suppressive expression of AVP mRNA and release of AVP are found despite hypoosmolality [20] , which should suppress AVP release to undetectable level [21] . The reduction in serum cortisol was comparable between the hyponatremia and normonatremia groups, but the augmented secretion of AVP seemed likely to be high in the hyponatremia group. Enhanced secretion of AVP is profoundly involved in the mechanism for impaired water excretion and hyponatremia in hypopituitarism. Hydrocortisone replacement normalized AVP release and water diuresis [2] . Also, a gerontological alteration in AVP release is implicated, namely, there is significantly more augmentation of AVP release in response to the osmotic and non-osmotic stimuli in elderly subjects than young ones [22] . Thus, aging per se enhances the physiological release of AVP from neurohypophysis. Exaggerated AVP release could make impaired water excretion in the group of acute deterioration of hyponatremia. The pathological state resembles so-called SIADH (syndrome of inappropriate secretion of antidiuretic hormone), but in hypopituitarism the pathopyhsiology is excluded from SIADH because of the presence of secondary adrenal insufficiency. However, in the group of persistent hyponatremia the reduction in circulatory blood volume was implicated, and thus additional mechanism could be involved in the mechanism for hyponatremia. Progression of renal salt-wasting might follow after the accomplishment of enhancement of AVP release in the acute deterioration of hyponatremia. Green et al. [8] suggested that other possible mechanism that renal sodium handling is impaired in glucocorticoid deficiency. Taken together, the pathological state of hyponatremia in association with hypopituitarism could be different between the two stages of acute deterioration and chronic hyponatremia.
The development of hyponatremia was subgrouped into two groups as mentioned above. As shown in Fig. 2 , percent changes in circulatory blood volume were different between the acute deterioration of hyponatremia and persistent hyponatremia. Circulatory blood volume Severe hyponatremia due to hypopituitarism with adrenal insufficiency: report on 28 cases. Eur J Endocrinol 148: 609-617.
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